Background/Aims: Up to 50% patients requiring dialysis receive an urgent, unplanned start (UPS) to renal replacement therapy (RRT). Most of these are initiated with an intravenous catheter and commenced and maintained on hemodialysis (HD). Although peritoneal dialysis (PD) could be an equipotent initial modality for RRT, it is used less frequently as long-term RRT in UPS patients. This multicenter-study aimed to evaluate the impact of a structured, in-hospital education program and factors influencing PD rates, especially in UPS patients. Methods: Three German nephrology departments collaborated to implement an in-hospital education program. Retrospective analysis included 336 subjects and compared the rates of HD and PD in consecutive patients who started RRT 12 months prior (two centers) and for 12 months after (three centers) implementing the education program. Results: PD rates increased significantly (p < 0.05) by 66% in all planned and unplanned dialysis starts after implementation of a structured, patient-centered education program. A highly significant (p < 0.0001) rise in utilization of PD was found, especially in UPS patients. In logistic regression analysis, PD modality choice was significantly influenced by age (p < 0.0001) and gender (p = 0.006). Conclusions: A structured, patient-centered in-hospital education program increases the frequency of PD in patients needing unplanned RRT. PD modality choice is significantly higher in young (p < 0.0001) and male (p = 0.006) patients.
Impact of an in-Hospital
(CKD) to end stage renal disease (ESRD). Many dialysis patients present late in the course of kidney disease to a nephrologist. Therefore, an unplanned, urgent start of renal replacement therapy (RRT) often is inevitable. In Europe it is estimated that approximately 30% of new dialysis patients are initiated in an unplanned manner [1] , and other estimates suggest rates up to 50% [2, 3] .
There is no uniform definition of an unplanned start (UPS), but it is often characterized by utilization of temporary dialysis access because of a life-threatening condition without existence of definitive dialysis access such as a permanent fistula, and patients are often unknown to the nephrology department prior to dialysis initiation [2] . It has been shown that UPS bears several disadvantages: besides an increased mortality and hospitalization rates, higher total costs have been recorded [4] [5] [6] .
The main factor implicated in UPS is late referral to nephrologists [7, 8] . In instances of rapid disease progression or acute onset [9] , a planned start may not be guaranteed even if referral to a nephrologist had been ensured in timely manner [10] . Therefore, UPS cannot be completely avoided and will remain a clinical issue.
Data shows that UPS leads to a higher rate of hemodialysis (HD) as the RRT modality in the unplanned, urgent dialysis initiation [11, 12] and peritoneal dialysis (PD) is used to a lesser extent as long-term method [13] . In addition, the risk of prolonged utilization of temporary dialysis access is increased in UPS patients [14] .
The reason for underutilization of PD in UPS can be attributed to organizational concerns: eligible patients are frequently not informed about the alternative treatment option [13, 15, 16] . Therefore, in clinical practice these uninformed, unplanned dialysis patients usually are not treated with PD [17] .
There is growing evidence that PD in unplanned starters is feasible, and this is known as urgent-start PD [16] . PD as compared with HD, even in an urgent-start setting, has several advantages: PD is mainly a home-based therapy that can provides higher quality of life, greater autonomy, and potentially better survival at lower annual costs in most countries for many patients in the first few years after start of dialysis [18] [19] [20] [21] . Even in the acute, unplanned setting, urgent-start PD appears to be safe. Urgent-start PD is not inferior regarding infectious complications, peritoneal leaks, hospitalization or short-term survival in comparison with routine initiation of PD [16, 22, 23] .
Therefore, increasing PD rates in the unplanned setting could improve patient satisfaction and reduce health expenditure. A lack of a patient-centered, structured, education program seems to be a major obstacle regarding deployment of PD. Several studies support the central role of patient education in dialysis modality choice [17, 24, 25] .
The aim of the present multicenter-study was to evaluate the impact of a structured, inhospital education program on HD and PD rates for all patients starting dialysis. Furthermore, we wanted to investigate the factors that may have influenced the choice of PD modality after implementation of the education program.
Materials and Methods

Study design
This study was a collaboration of three German nephrology departments implementing a, structured in-hospital education program. Participating centers were: Division of General Internal Medicine and Nephrology, Robert-Bosch-Hospital in Stuttgart (Germany), Division of Nephrology, Coburg Hospital, Coburg (Germany) and the Nephrological Center Emsland, which is associated with St. Bonifatius-Hospital, Lingen (Germany).
This was a retrospective analysis in all three centers, which introduced a similar education program for all new dialysis patients. The retrospective analysis of patient flow was performed over a 12-month period in two centers (Stuttgart and Lingen) to assess different modality rates of RRT in all consecutive patients who started dialysis (hereafter referred to as group 1) before the education program was introduced. A second analysis of patient flow over 12 months was performed in the same manner after the implementation of the structured, in-hospital education program for all new dialysis patients in each center (hereafter referred to as group 2).
The rates of HD and PD patients before and after implementation of the program were analyzed. In addition, patients were classified as planned and unplanned dialysis starters: patients admitted with prior knowledge of the necessity for RRT and scheduling of dialysis initiation were termed as planned dialysis starters.
In contrast, patients admitted with an acute deterioration of renal function reaching ESRD or with generally accepted acute dialysis indications (refractory fluid overload, severe metabolic acidosis, hyperkalemia, uremia with complications such as pericarditis or encephalopathy) without known prior history of ESRD, were termed as unplanned dialysis starters. Dialysis indications were determined at the discretion of the responsible nephrologist in the participating center.
Baseline characteristics (age, gender, etiology of ESRD and comorbidities) of all patients were collected and compared between group 1 and group 2.
Inclusion criteria for data analysis were: age ≥18 years, dialysis initiation in one of the participating dialysis centers during the corresponding 12-month time frame, availability of data and knowledge of the implemented modality. PD starters utilized solely the continuous ambulatory peritoneal dialysis (CAPD) technique.
This study was approved by the ethics committee of the University of Tuebingen (Germany). All patient information was anonymized prior to analysis.
In-hospital education program
The in-hospital education program was implemented to improve patient knowledge in a structured manner and to assist the dialysis starters in their choice by means of education tools. Specially trained dialysis nurses provided education for the dialysis starters about different RRT modalities by using flipcharts and manuals (most of the material was provided by an educational package from Baxter Healthcare) to support the decision process. The aim of the structured education program was to present both modalities, PD and HD, in an objective way as similar options. The nurses addressed all aspects of home-dialysis modalities versus in-center dialysis, offered the possibility to get in contact to patients on different modes of RRT and involved family members of the new RRT patients. Education and information was given in a structured way, but nevertheless dialysis nurses could respond to the patients' needs individually, according to their information needs and depending on their existing knowledge. The education materials were standardized. As far as there were no contraindications against one of the two modalities (especially PD), patients decided the RRT modality (hereafter referred to as "free choice"). Contraindications were not pre-specified, but grounded on clinical judgment of the responsible nephrologist and based on the current state of the art. In some cases the choice of modality was made by the responsible nephrologist in the participating center if in his opinion certain factors could have complicated a PD start (e.g. cognitive impairment or anatomical problems). All patients, except those with definite instructions from the nephrologist to the contrary, received the education program. Prior to the implementation of the program patients were offered free choice of RRT modality, however the education was not as structured or comprehensive.
Statistical analysis
For comparison of baseline characteristics of discrete or continuous data Fisher's exact test or Wilcoxon rank-sum were used, respectively. Statistical correlation of binary data and several factors was investigated by multivariable logistic regression. The fit of a logistic regression model was assessed by Nagelkerke's pseudo-R 2 . P-values in Table 3 relate to the Wald statistic. Statistical analysis was performed using GraphPad Prism (CA, USA) and Statistical Environment R (Vienna, Austria), version 3.3.2, and R-package rms [26] .
Results
Baseline characteristics
In total, our study involved 336 subjects. In the 12 months prior to introduction of the education program, 151 consecutive subjects started dialysis (group 1). In the 12 months after implementation of the education program, dialysis was initiated in 185 consecutive subjects (group 2). Group 1 comprised 45 (29.8%) planned and 106 (70.2%) unplanned patients. Group 2 consisted of 72 (38.9%) planned and 113 (61.1%) unplanned new dialysis patients (Fig. 1) . No significant differences (p > 0.05) in the degree of urgency were found between those two groups before and after introduction of the structured in-hospital education program (Table 1) . Further comparison of the two patient collectives showed no significant differences in age (mean age of 68.7 vs. 67.6 years, p > 0.05) and gender (male gender 59.6% vs. 66.0%, p > 0.05). The different etiologies of ESRD did not vary significantly between group 1 and group 2 (p > 0.05). Most of the patients had diabetes (25.8% vs. 27.6%), hypertension (16.6% vs. 20.0%), and glomerulonephritis (13.9% vs. 15.1%) as the underlying condition causing ESRD. Patients with glomerulonephritis as the underlying disease were significantly younger (p<0.0001) compared with the entire cohort. Concerning the distribution of relevant comorbidities between the groups, only the percentage of patients with hypertension was significantly higher in group 2 (59.6% vs. 72.4%, p = 0.02). There were no significant differences for diabetes, coronary heart disease, heart failure, peripheral arterial disease or malignancy as comorbidities (p > 0.05). The baseline characteristics of group 1 and group 2 are summarized in Table 1 .
Modality choice
The percentage of patients who had a free choice (not preselected by the physician) between dialysis modalities, increased from 28.5% (43/151) in group 1 to 62.7% (116/185) in group 2 after implementing of the patient education. This increase was statistically significant (p < 0.0001).
Concerning the modality chosen, we found a significant (p = 0.02) rise in the percentage of patients starting on PD after the beginning of the education program. In total, the percentage increased from 16.6% (25/151) in group 1 to 27.6% (51/185) in group 2. Especially in the subgroup of unplanned patients, PD rates rose significantly (p < 0.0001) from 0% (0/106) in group 1, to 15% (17/113) in group 2. In the logistic regression model, the probability for choosing the PD modality was higher after education in planned and especially unplanned patients starting dialysis in all centers (Table 2 and Fig. 2 ).
Factors influencing PD modality choice
We examined factors influencing PD modality choice in a logistic regression model (Table  3) . Young age had a highly significant (p < 0.0001) impact on the decision to favor PD (Fig.  2) . Younger patients chose PD more often after the education program. Gender was another factor, which significantly (p = 0.006) influenced the decision (Fig. 3) . In male patients, PD was chosen more often after the education program, whereas in female subjects an education program did not increase PD rates. Furthermore, patient education had a highly significant (p = 0.001) positive influence on PD as the modality choice as already demonstrated in the comparison of baseline characteristics. The Stuttgart center also had a significant (p = 0.001) impact on the PD modality choice. After adjusting for the factors mentioned above, we examined the impact of underlying disease or comorbidities on the decision for PD ( Table  3) . Glomerulonephritis (p = 0.0007) or cardiorenal syndrome (p = 0.04) as the ESRD etiology affected the modality choice significantly whereas the other underlying diseases did not. The comorbidities of coronary artery disease (p = 0.04) and diabetes (p = 0.004) had a significant influence on PD choice. Fig. 2 . Center specific relative frequency of PD distribution depending on participation of education program. PD-rates prior to introduction of education program (Education "no") were compared to those after the implementation (Education "yes"). Especially in patients younger than 75 years PD rates increased after education. HD: Hemodialysis; PD: Peritoneal dialysis.
Fig. 3.
Gender specific relative frequency of PD distribution depending on participation of education program. PD-rates prior to introduction of education program (Education "no") were compared to those after the implementation (Education "yes"). Especially in male patients younger than 75 years PD rates increased after education. HD: Hemodialysis; PD: Peritoneal dialysis.
Discussion
There are only a few comparable decisions in the treatment of chronic diseases that have such a profound impact on patients' everyday lives as the choice of dialysis modality in ESRD. Therefore, it seems crucial to inform patients in the most careful way possible. In our study we implemented a structured, education program with detailed information about the pros and cons of both modalities, and showed how this helps to draw together many aspects of this substantial decision making process. Additionally, we identified which subgroups demonstrate preferences concerning PD modality choice.
A comparison of baseline characteristics between the patient cohorts prior to introduction of education program (group 1) and the group after implementation (group 2) revealed no relevant differences.
There are several known adverse outcomes associated with UPS, including increased mortality [27, 28] and prolonged hospitalization [29] , and it is recognized that PD rates in UPS are lower [13] . Nevertheless, PD has several advantages in eligible patients, such as higher quality of life and improved patient autonomy. Recent studies showed that an urgent start of PD in an unplanned setting is feasible [30] without considerable inferiority to planned PD initiation [16, 22] . Furthermore, Koch et al. revealed a comparable outcome of the urgent PD starters compared to urgent HD starters in a cohort with an overall high PD rate [31] .
Therefore, it would indeed be unfortunate to deny PD to unplanned starters. In general, dialysis starters are often not informed of the alternative modality of PD [29] . Several years ago, Mehrotra et al. reported from an US American cohort that PD was presented as a possible RRT modality only in 34% of planned dialysis patients. The authors identified two factors that were significantly associated with first-line initiation of PD: structured presentation of PD, and the time spent on patient education, suggesting that Table 3 . Factors possibly influencing PD modality choice using multivariable logistic regression models. In a first step we investigate a model including the baseline factors Age, Gender, Education and Center. In a second step we check which of the etiology and comorbidity factors are significant after adjusting for the baseline factors. Enhancing the baseline model by one additional factor could possibly influence the effect size of the baseline model (not shown). CAD: Coronary artery disease, df: degrees of freedom, ESRD: End stage renal disease, PAD: Peripheral artery disease, SE: Standard error. *p<0.05 insufficient education is an important factor for PD underutilization [15] . Recently, Brown et al. affirmed in a retrospective analysis that unplanned start patients are less likely to receive modality education [32] .
In our study, the percentage of patients who were offered the choice increased significantly (p < 0.0001). A certain percentage of patients are not eligible for PD due to contraindications, therefore a truly free choice for the entire group will not be available.
Accordingly, PD rates increased significantly (p < 0.05) by 66% in all planned and unplanned dialysis starts after implementation of a structured and patient-centered education program. Especially in UPS, we found a highly significant (p < 0.0001) rise in utilization of the PD modality. This reinforces the deficiency in modality education in unplanned dialysis starters.
Our findings highlight and confirm previous findings that patient education in a structured way is of major importance for informed decision making and is critical with regard to clinical responsibility in order to offer the best possible treatment to all patients suffering from end-stage renal disease [33] . Patients are more likely to select PD compared with HD if they receive comprehensive, intelligible information about all available modalities of RRT [15, 34] . Lacson et al. confirmed that pre-dialysis treatment options education in planned dialysis starters increases PD rates and reduces short-term mortality [24] . The observation of better clinical outcome related to pre-dialysis education is also described by Cho et al [33] .
According to the literature in unplanned dialysis starters, education seems to play a major role as well. In line with our results, Marron et al. reported in 2005 that in unplanned, urgent dialysis starts there was less education about modality options and greater use of hemodialysis [17] .
The findings of our present multicenter study, showing increased PD rates in UPS after an education program, are supported by several single center experiences [35] [36] [37] multicenter study by Machowska et al. [38] . Interestingly, in logistic regression analysis the patient age significantly (p < 0.0001) influenced PD modality choice. PD rates increased especially in younger patients whereas in dialysis starters at age >75 years this effect was less pronounced. Although it is known that even in older ESRD patients, quality of life is comparable or better with PD compared with HD [39] , our data indicate that younger patients especially seem to benefit from modality education in UPS. This is in accordance with previous studies investigating PD rates in older patients. Jager et al. demonstrated in a Dutch cohort that older age was associated with increased contraindications for PD and a higher preference for the HD modality, and older ESRD patients were more likely to start with HD therapy [40] . Surprisingly, male gender significantly (p = 0.006) influenced the preference for PD. Gender-specific differences in PD have been highlighted before [41] , but the reasons are unclear.
The Stuttgart center revealed higher PD rates after their education program than the other centers. As Stuttgart is a referral center with many scientific projects concerning PD, this might have influenced patient decisions.
In addition to baseline characteristics, logistic regression analysis revealed that education expectedly had a highly significant (p < 0.001) impact on PD modality choice. This is supported by the findings described previously [32, 35, 38] .
After adjusting for the influencing factors mentioned above, we found some additional factors which had an impact on the choice of modality in our study collective. Regarding ESRD etiology, cardiorenal syndrome (p = 0.04) and glomerulonephritis (p = 0.0007) were significantly associated with PD modality choice. Especially in cardiorenal syndrome, studies describe beneficial effects regarding hospitalization rate, functional status and quality of life when pharmacological therapy has failed [42] . This could be an explanation for the influence on PD choice and we cannot exclude the influence of any physician advice on the decision. Higher rates of glomerulonephritis are described in PD [43] , therefore the influence of this underlying disease on PD rates could be related to this issue. Patients with glomerulonephritis were significantly (p < 0.0001) younger compared with the entire cohort, which may contribute to the correlation between this disease and PD.
We found that diabetes (p = 0.004) and coronary artery disease (p = 0.04) had significant impact on PD rates. Such differences have been found in other studies describing the distribution of comorbidities between PD and HD modality [35, 43] . However, comorbidity rates vary between studies and the percentage of diabetic patients is usually higher in HD [43] . One explanation could be the recommendation by the German diabetes guidelines to use PD as the first RRT in diabetic patients [44] . The fact that presence of diabetes as the underlying ESRD etiology does not influence PD modality choice suggests that diabetic patients tend to choose PD more often if the diabetes is not advanced. A reduced mortality is described at the beginning of PD for younger diabetic PD patients and could be a possible explanation for this issue [43, 45] .
Conclusion
Our study confirms that a structured, patient-centered in-hospital education program increases the frequency of PD as the first therapeutic modality in patients needing unplanned RRT. Interestingly PD modality choice is significantly higher in young (p < 0.0001) and male (p = 0.006) patients.
